Supplementary Table S1. Genomic regions of heme biosynthesis genes
	Gene
	Chromosome
	Start
	End
	Assembly

	PPOX
	1
	161165728
	161178013
	GRCh38.p14 (GCF_000001405.40)

	UROS
	10
	125784980
	125823258
	

	HMBS
	11
	119084881
	119093549
	

	FECH
	18
	57544377
	57586702
	

	ALAS2
	X
	55009055
	55030977
	

	ALAD
	9
	113386312
	113401284
	

	ALAS1
	3
	52198083
	52214327
	

	UROD
	1
	45012254
	45015575
	

	CPOX
	3
	98570488
	98593611
	









Supplementary Table S2. ICD-10 codes for porphyria-related clinical manifestations
	Diseases
	ICD10

	Anemia
	D50–D64

	Gallstones
	K80.0-K80.8

	Liver Disease
	R94.5, K76.8

	Photosensitivity
	L56.2-L59.9

	Cataract
	H25, H26

	Abdominal pain
	R10

	Essential hypertension
	I10

	Porphyria
	E80.0-E80.2

	Malignancy
	C00-C97

	Hematologic malignancy
	C81-C96













Supplementary Table S3. Variant genotype distribution summary in carrier samples
	Variant
	Homozygous Ref
	Heterozygous
	Homozygous Alt

	PPOX c.45G > C (p.Leu15Phe)
	0
	5
	0

	PPOX c.175C > T (p.Arg59Trp)
	0
	6
	0

	PPOX c.251T > G (p.Val84Gly)
	0
	3
	0

	PPOX c.538_539del (p.Ile180fs)
	0
	4
	0

	PPOX c.884T > C (p.Leu295Pro)
	0
	4
	0

	PPOX c.1297G > C (p.Ala433Pro)
	0
	4
	0

	PPOX c.1303C > T (p.Gln435Ter)
	0
	17
	0

	PPOX c.1377+1206G > A
	0
	8
	0

	UROD c.637-54G > C
	0
	4
	0

	UROD c.659A > C (p.His220Pro)
	0
	3
	0

	UROD c.694T > C (p.Phe232Leu)
	0
	4
	0

	UROD c.842G > T (p.Gly281Val)
	0
	8
	0

	UROD c.871G > C (p.Ala291Pro)
	0
	10
	0

	UROD c.1001T > C (p.Ile334Thr)
	0
	24
	0

	CPOX c.811+43G > A
	0
	4
	0

	CPOX c.685C > T (p.Leu229=)
	0
	33
	0

	HMBS c.499C > T (p.Arg167Trp)
	0
	10
	0
























Supplementary Table S4. Variants in core heme biosynthesis genes associated with porphyria (P < 5 × 10⁻⁸)
	CHR
	SNP
	BP
	A1
	TEST
	NMISS
	OR
	SE
	L95
	U95
	STAT
	P

	1
	1:161166892:G:C
	161166892
	C
	ADD
	468993
	6422
	0.9447
	1008
	4.09E+04
	9.28
	1.69E-20

	1
	1:161167187:C:T
	161167187
	T
	ADD
	468991
	1.29E+04
	1.005
	1796
	9.23E+04
	9.417
	4.66E-21

	1
	1:161167399:T:G
	161167399
	G
	ADD
	468993
	7168
	1.595
	314.9
	1.63E+05
	5.567
	2.59E-08

	1
	1:161168497:CAT:C
	161168497
	C
	ADD
	468985
	2971
	1.174
	297.3
	2.97E+04
	6.809
	9.84E-12

	1
	1:161169921:T:C
	161169921
	C
	ADD
	468993
	7367
	1.233
	657.9
	8.25E+04
	7.225
	5.03E-13

	1
	1:161171039:G:C
	161171039
	C
	ADD
	468993
	3399
	1.205
	320.4
	3.61E+04
	6.749
	1.49E-11

	1
	1:161171045:C:T
	161171045
	T
	ADD
	468993
	1521
	0.8061
	313.4
	7384
	9.09
	9.91E-20

	1
	1:161171975:G:A
	161171975
	A
	ADD
	468993
	6387
	0.9405
	1011
	4.04E+04
	9.316
	1.20E-20

	1
	1:45014385:G:C
	45014385
	C
	ADD
	468985
	2970
	1.205
	280
	3.15E+04
	6.637
	3.21E-11

	1
	1:45014461:A:C
	45014461
	C
	ADD
	468993
	5730
	1.299
	449.2
	7.31E+04
	6.661
	2.71E-11

	1
	1:45014496:T:C
	45014496
	C
	ADD
	468993
	3993
	1.189
	388.7
	4.10E+04
	6.977
	3.02E-12

	1
	1:45014803:G:T
	45014803
	T
	ADD
	468993
	1177
	1.09
	139
	9973
	6.486
	8.82E-11

	1
	1:45014832:GC:G
	45014832
	G
	ADD
	468993
	1185
	1.106
	135.7
	1.04E+04
	6.4
	1.55E-10

	1
	1:45015395:T:C
	45015395
	C
	ADD
	468993
	335.2
	1.041
	43.54
	2580
	5.584
	2.35E-08

	11
	11:119091413:C:T
	119091413
	T
	ADD
	468838
	1022
	1.096
	119.4
	8749
	6.325
	2.53E-10

	3
	3:98590589:C:T
	98590589
	T
	ADD
	468224
	7603
	1.446
	447.1
	1.29E+05
	6.181
	6.36E-10

	3
	3:98591027:G:A
	98591027
	A
	ADD
	468990
	322.2
	1.031
	42.67
	2433
	5.599
	2.16E-08





Supplementary Table S5.  Hematological parameters in porphyria-associated variant carriers and porphyria patients.
	Group
	Phenotype
	Carrier n
	Ref n
	Carriermean
	Carrier
std
	Ref
mean
	Ref std
	Adj carrier mean
	Adj Ref mean
	Adj mean diff
	Adj CI lower
	Adj CI upper
	Adj p value
	Adj FDR q value

	Porphyria_patient
	p30010_i0
	52
	455463
	4.46
	0.44
	4.52
	0.42
	4.47
	4.52
	-0.05
	-0.16
	0.06
	0.39
	0.80

	Porphyria_patient
	p30020_i0
	52
	455463
	14.22
	1.42
	14.18
	1.25
	14.21
	14.18
	0.04
	-0.30
	0.37
	0.83
	0.83

	Porphyria_patient
	p30030_i0
	52
	455463
	41.13
	3.86
	41.09
	3.55
	41.13
	41.09
	0.04
	-0.92
	1.01
	0.93
	0.97

	Porphyria_patient
	p30040_i0
	52
	455461
	92.49
	5.88
	91.13
	4.60
	92.32
	91.13
	1.19
	-0.03
	2.41
	0.06
	0.40

	Porphyria_patient
	p30150_i0
	52
	454610
	0.19
	0.17
	0.17
	0.14
	0.20
	0.17
	0.02
	-0.02
	0.06
	0.28
	0.84

	Porphyria_patient
	p30210_i0
	52
	454616
	2.82
	2.37
	2.57
	1.87
	2.84
	2.57
	0.27
	-0.24
	0.78
	0.30
	0.73

	Porphyria_patient
	p30620_i0
	51
	447545
	32.16
	20.86
	23.55
	14.18
	32.15
	23.55
	8.59
	4.70
	12.48
	0.00
	0.00

	11:119091413:C:T_T
	p30010_i0
	9
	455355
	4.59
	0.23
	4.52
	0.42
	4.62
	4.52
	0.10
	-0.17
	0.37
	0.48
	0.80

	11:119091413:C:T_T
	p30020_i0
	9
	455355
	14.58
	0.61
	14.18
	1.25
	14.59
	14.18
	0.41
	-0.40
	1.22
	0.32
	0.66

	11:119091413:C:T_T
	p30030_i0
	9
	455355
	42.01
	2.17
	41.09
	3.55
	42.08
	41.09
	0.99
	-1.33
	3.31
	0.40
	0.84

	11:119091413:C:T_T
	p30040_i0
	9
	455353
	91.72
	4.70
	91.13
	4.60
	91.32
	91.13
	0.20
	-2.74
	3.14
	0.90
	0.94

	11:119091413:C:T_T
	p30150_i0
	9
	454503
	0.11
	0.09
	0.17
	0.14
	0.11
	0.17
	-0.06
	-0.15
	0.03
	0.17
	0.84

	11:119091413:C:T_T
	p30210_i0
	9
	454509
	2.09
	1.30
	2.57
	1.87
	2.10
	2.57
	-0.47
	-1.69
	0.75
	0.45
	0.73

	11:119091413:C:T_T
	p30620_i0
	8
	447441
	22.85
	5.79
	23.55
	14.18
	22.77
	23.56
	-0.79
	-10.61
	9.04
	0.88
	0.97

	1:161166892:G:C_C
	p30010_i0
	5
	455510
	4.73
	0.61
	4.52
	0.42
	4.72
	4.52
	0.21
	-0.16
	0.57
	0.27
	0.80

	1:161166892:G:C_C
	p30020_i0
	5
	455510
	13.72
	1.31
	14.18
	1.25
	13.68
	14.18
	-0.50
	-1.58
	0.59
	0.37
	0.67

	1:161166892:G:C_C
	p30030_i0
	5
	455510
	40.40
	2.99
	41.09
	3.55
	40.31
	41.09
	-0.78
	-3.89
	2.33
	0.62
	0.84

	1:161166892:G:C_C
	p30040_i0
	5
	455508
	86.05
	6.83
	91.13
	4.60
	85.96
	91.13
	-5.17
	-9.11
	-1.22
	0.01
	0.18

	1:161166892:G:C_C
	p30150_i0
	5
	454657
	0.20
	0.10
	0.17
	0.14
	0.21
	0.17
	0.03
	-0.09
	0.15
	0.61
	0.86

	1:161166892:G:C_C
	p30210_i0
	5
	454663
	3.49
	1.61
	2.57
	1.87
	3.53
	2.57
	0.95
	-0.68
	2.59
	0.25
	0.73

	1:161166892:G:C_C
	p30620_i0
	5
	447591
	23.18
	13.82
	23.55
	14.18
	23.32
	23.56
	-0.23
	-12.66
	12.20
	0.97
	0.97

	1:161167187:C:T_T
	p30010_i0
	6
	455507
	4.70
	0.50
	4.52
	0.42
	4.69
	4.52
	0.17
	-0.16
	0.50
	0.31
	0.80

	1:161167187:C:T_T
	p30020_i0
	6
	455507
	14.44
	1.66
	14.18
	1.25
	14.42
	14.18
	0.25
	-0.75
	1.24
	0.63
	0.72

	1:161167187:C:T_T
	p30030_i0
	6
	455507
	41.71
	4.48
	41.09
	3.55
	41.65
	41.09
	0.56
	-2.27
	3.40
	0.70
	0.84

	1:161167187:C:T_T
	p30040_i0
	6
	455505
	88.93
	5.81
	91.13
	4.60
	89.00
	91.13
	-2.12
	-5.72
	1.48
	0.25
	0.50

	1:161167187:C:T_T
	p30150_i0
	6
	454654
	0.15
	0.07
	0.17
	0.14
	0.15
	0.17
	-0.02
	-0.13
	0.09
	0.68
	0.87

	1:161167187:C:T_T
	p30210_i0
	6
	454660
	1.81
	0.89
	2.57
	1.87
	1.87
	2.57
	-0.71
	-2.20
	0.79
	0.35
	0.73

	1:161167187:C:T_T
	p30620_i0
	6
	447588
	26.00
	7.09
	23.55
	14.18
	26.25
	23.56
	2.69
	-8.65
	14.04
	0.64
	0.89

	1:161167399:T:G_G
	p30010_i0
	3
	455512
	3.96
	0.66
	4.52
	0.42
	3.96
	4.52
	-0.56
	-1.03
	-0.09
	0.02
	0.17

	1:161167399:T:G_G
	p30020_i0
	3
	455512
	12.06
	1.98
	14.18
	1.25
	12.24
	14.18
	-1.94
	-3.35
	-0.54
	0.01
	0.12

	1:161167399:T:G_G
	p30030_i0
	3
	455512
	35.26
	5.66
	41.09
	3.55
	35.75
	41.09
	-5.34
	-9.35
	-1.32
	0.01
	0.16

	1:161167399:T:G_G
	p30040_i0
	3
	455510
	89.16
	2.69
	91.13
	4.60
	90.34
	91.13
	-0.79
	-5.88
	4.31
	0.76
	0.93

	1:161167399:T:G_G
	p30150_i0
	3
	454659
	0.24
	0.06
	0.17
	0.14
	0.24
	0.17
	0.07
	-0.09
	0.22
	0.40
	0.86

	1:161167399:T:G_G
	p30210_i0
	3
	454665
	3.77
	2.21
	2.57
	1.87
	3.92
	2.57
	1.35
	-0.76
	3.47
	0.21
	0.73

	1:161167399:T:G_G
	p30620_i0
	3
	447593
	22.54
	7.64
	23.55
	14.18
	22.59
	23.56
	-0.96
	-17.02
	15.09
	0.91
	0.97

	1:161168497:CAT:C_C
	p30010_i0
	4
	455503
	4.56
	0.51
	4.52
	0.42
	4.57
	4.52
	0.05
	-0.36
	0.45
	0.81
	0.91

	1:161168497:CAT:C_C
	p30020_i0
	4
	455503
	13.95
	1.29
	14.18
	1.25
	13.92
	14.18
	-0.25
	-1.47
	0.96
	0.68
	0.72

	1:161168497:CAT:C_C
	p30030_i0
	4
	455503
	41.41
	3.49
	41.09
	3.55
	41.36
	41.09
	0.27
	-3.20
	3.75
	0.88
	0.97

	1:161168497:CAT:C_C
	p30040_i0
	4
	455501
	90.98
	4.26
	91.13
	4.60
	90.86
	91.13
	-0.27
	-4.68
	4.14
	0.91
	0.94

	1:161168497:CAT:C_C
	p30150_i0
	4
	454650
	0.27
	0.10
	0.17
	0.14
	0.27
	0.17
	0.10
	-0.04
	0.24
	0.15
	0.84

	1:161168497:CAT:C_C
	p30210_i0
	4
	454656
	3.68
	1.91
	2.57
	1.87
	3.71
	2.57
	1.14
	-0.69
	2.97
	0.22
	0.73

	1:161168497:CAT:C_C
	p30620_i0
	4
	447584
	27.30
	24.59
	23.55
	14.18
	27.44
	23.55
	3.89
	-10.01
	17.78
	0.58
	0.89

	1:161169921:T:C_C
	p30010_i0
	4
	455511
	4.28
	0.27
	4.52
	0.42
	4.28
	4.52
	-0.24
	-0.65
	0.16
	0.24
	0.80

	1:161169921:T:C_C
	p30020_i0
	4
	455511
	12.67
	1.08
	14.18
	1.25
	12.65
	14.18
	-1.53
	-2.74
	-0.31
	0.01
	0.12

	1:161169921:T:C_C
	p30030_i0
	4
	455511
	37.46
	2.92
	41.09
	3.55
	37.42
	41.09
	-3.67
	-7.15
	-0.20
	0.04
	0.31

	1:161169921:T:C_C
	p30040_i0
	4
	455509
	87.58
	5.98
	91.13
	4.60
	87.60
	91.13
	-3.52
	-7.93
	0.89
	0.12
	0.49

	1:161169921:T:C_C
	p30150_i0
	4
	454658
	0.13
	0.05
	0.17
	0.14
	0.13
	0.17
	-0.05
	-0.18
	0.09
	0.51
	0.86

	1:161169921:T:C_C
	p30210_i0
	4
	454664
	1.83
	0.79
	2.57
	1.87
	1.85
	2.57
	-0.73
	-2.56
	1.11
	0.44
	0.73

	1:161169921:T:C_C
	p30620_i0
	4
	447592
	14.76
	6.53
	23.55
	14.18
	14.87
	23.56
	-8.69
	-22.58
	5.21
	0.22
	0.66

	1:161171039:G:C_C
	p30010_i0
	4
	455511
	4.48
	0.19
	4.52
	0.42
	4.50
	4.52
	-0.02
	-0.43
	0.39
	0.92
	0.92

	1:161171039:G:C_C
	p30020_i0
	4
	455511
	13.38
	1.35
	14.18
	1.25
	13.37
	14.18
	-0.81
	-2.02
	0.41
	0.19
	0.58

	1:161171039:G:C_C
	p30030_i0
	4
	455511
	39.71
	3.71
	41.09
	3.55
	39.72
	41.09
	-1.37
	-4.85
	2.11
	0.44
	0.84

	1:161171039:G:C_C
	p30040_i0
	4
	455509
	88.66
	8.34
	91.13
	4.60
	88.39
	91.13
	-2.74
	-7.15
	1.67
	0.22
	0.50

	1:161171039:G:C_C
	p30150_i0
	4
	454658
	0.14
	0.07
	0.17
	0.14
	0.14
	0.17
	-0.03
	-0.17
	0.10
	0.62
	0.86

	1:161171039:G:C_C
	p30210_i0
	4
	454664
	1.75
	0.73
	2.57
	1.87
	1.76
	2.57
	-0.81
	-2.65
	1.02
	0.38
	0.73

	1:161171039:G:C_C
	p30620_i0
	3
	447593
	19.43
	2.71
	23.55
	14.18
	19.31
	23.56
	-4.25
	-20.29
	11.80
	0.60
	0.89

	1:161171045:C:T_T
	p30010_i0
	15
	455500
	4.40
	0.60
	4.52
	0.42
	4.44
	4.52
	-0.08
	-0.29
	0.13
	0.46
	0.80

	1:161171045:C:T_T
	p30020_i0
	15
	455500
	13.94
	1.65
	14.18
	1.25
	13.94
	14.18
	-0.24
	-0.87
	0.39
	0.46
	0.69

	1:161171045:C:T_T
	p30030_i0
	15
	455500
	40.41
	4.19
	41.09
	3.55
	40.46
	41.09
	-0.63
	-2.43
	1.16
	0.49
	0.84

	1:161171045:C:T_T
	p30040_i0
	15
	455498
	92.40
	6.04
	91.13
	4.60
	91.80
	91.13
	0.67
	-1.60
	2.95
	0.56
	0.92

	1:161171045:C:T_T
	p30150_i0
	15
	454647
	0.20
	0.21
	0.17
	0.14
	0.20
	0.17
	0.02
	-0.05
	0.09
	0.53
	0.86

	1:161171045:C:T_T
	p30210_i0
	15
	454653
	2.65
	3.10
	2.57
	1.87
	2.62
	2.57
	0.05
	-0.90
	0.99
	0.92
	0.98

	1:161171045:C:T_T
	p30620_i0
	15
	447581
	26.62
	12.29
	23.55
	14.18
	26.24
	23.55
	2.69
	-4.49
	9.86
	0.46
	0.89

	1:161171975:G:A_A
	p30010_i0
	8
	455507
	4.59
	0.51
	4.52
	0.42
	4.57
	4.52
	0.05
	-0.24
	0.34
	0.73
	0.89

	1:161171975:G:A_A
	p30020_i0
	8
	455507
	13.76
	1.05
	14.18
	1.25
	13.95
	14.18
	-0.23
	-1.09
	0.63
	0.60
	0.72

	1:161171975:G:A_A
	p30030_i0
	8
	455507
	40.09
	2.46
	41.09
	3.55
	40.37
	41.09
	-0.72
	-3.17
	1.74
	0.57
	0.84

	1:161171975:G:A_A
	p30040_i0
	8
	455505
	87.80
	6.02
	91.13
	4.60
	88.83
	91.13
	-2.29
	-5.41
	0.83
	0.15
	0.49

	1:161171975:G:A_A
	p30150_i0
	8
	454654
	0.17
	0.10
	0.17
	0.14
	0.18
	0.17
	0.00
	-0.09
	0.10
	0.95
	0.95

	1:161171975:G:A_A
	p30210_i0
	8
	454660
	3.08
	1.93
	2.57
	1.87
	3.03
	2.57
	0.46
	-0.84
	1.75
	0.49
	0.73

	1:161171975:G:A_A
	p30620_i0
	8
	447588
	22.71
	10.65
	23.55
	14.18
	23.23
	23.56
	-0.32
	-10.15
	9.50
	0.95
	0.97

	1:45014385:G:C_C
	p30010_i0
	4
	455503
	5.03
	0.39
	4.52
	0.42
	5.02
	4.52
	0.51
	0.10
	0.91
	0.01
	0.17

	1:45014385:G:C_C
	p30020_i0
	4
	455503
	15.36
	1.11
	14.18
	1.25
	15.33
	14.18
	1.15
	-0.07
	2.37
	0.06
	0.33

	1:45014385:G:C_C
	p30030_i0
	4
	455503
	43.76
	2.90
	41.09
	3.55
	43.68
	41.09
	2.59
	-0.89
	6.06
	0.14
	0.65

	1:45014385:G:C_C
	p30040_i0
	4
	455501
	87.13
	1.30
	91.13
	4.60
	87.00
	91.13
	-4.12
	-8.53
	0.29
	0.07
	0.40

	1:45014385:G:C_C
	p30150_i0
	3
	454651
	0.16
	0.12
	0.17
	0.14
	0.16
	0.17
	-0.01
	-0.17
	0.15
	0.89
	0.95

	1:45014385:G:C_C
	p30210_i0
	3
	454657
	2.06
	1.54
	2.57
	1.87
	2.08
	2.57
	-0.49
	-2.61
	1.62
	0.65
	0.83

	1:45014385:G:C_C
	p30620_i0
	4
	447585
	38.83
	36.92
	23.55
	14.18
	38.93
	23.55
	15.37
	1.48
	29.27
	0.03
	0.18

	1:45014461:A:C_C
	p30010_i0
	3
	455512
	4.87
	0.29
	4.52
	0.42
	4.87
	4.52
	0.35
	-0.12
	0.82
	0.14
	0.80

	1:45014461:A:C_C
	p30020_i0
	3
	455512
	14.99
	1.02
	14.18
	1.25
	14.95
	14.18
	0.78
	-0.63
	2.18
	0.28
	0.66

	1:45014461:A:C_C
	p30030_i0
	3
	455512
	42.67
	2.37
	41.09
	3.55
	42.58
	41.09
	1.49
	-2.52
	5.50
	0.47
	0.84

	1:45014461:A:C_C
	p30040_i0
	3
	455510
	87.64
	1.00
	91.13
	4.60
	87.53
	91.13
	-3.59
	-8.69
	1.50
	0.17
	0.49

	1:45014461:A:C_C
	p30150_i0
	3
	454659
	0.16
	0.12
	0.17
	0.14
	0.16
	0.17
	-0.01
	-0.17
	0.15
	0.89
	0.95

	1:45014461:A:C_C
	p30210_i0
	3
	454665
	2.06
	1.54
	2.57
	1.87
	2.08
	2.57
	-0.49
	-2.61
	1.62
	0.65
	0.83

	1:45014461:A:C_C
	p30620_i0
	3
	447593
	44.84
	42.75
	23.55
	14.18
	44.93
	23.55
	21.37
	5.33
	37.42
	0.01
	0.08

	1:45014496:T:C_C
	p30010_i0
	4
	455511
	4.75
	0.47
	4.52
	0.42
	4.77
	4.52
	0.25
	-0.16
	0.65
	0.23
	0.80

	1:45014496:T:C_C
	p30020_i0
	4
	455511
	15.32
	0.45
	14.18
	1.25
	15.29
	14.18
	1.11
	-0.10
	2.33
	0.07
	0.33

	1:45014496:T:C_C
	p30030_i0
	4
	455511
	44.58
	1.89
	41.09
	3.55
	44.55
	41.09
	3.46
	-0.02
	6.93
	0.05
	0.31

	1:45014496:T:C_C
	p30040_i0
	4
	455509
	94.38
	7.63
	91.13
	4.60
	94.07
	91.13
	2.94
	-1.47
	7.35
	0.19
	0.49

	1:45014496:T:C_C
	p30150_i0
	4
	454658
	0.13
	0.05
	0.17
	0.14
	0.13
	0.17
	-0.04
	-0.18
	0.09
	0.54
	0.86

	1:45014496:T:C_C
	p30210_i0
	4
	454664
	2.38
	0.76
	2.57
	1.87
	2.39
	2.57
	-0.19
	-2.02
	1.65
	0.84
	0.98

	1:45014496:T:C_C
	p30620_i0
	4
	447592
	30.77
	12.68
	23.55
	14.18
	30.71
	23.55
	7.16
	-6.74
	21.05
	0.31
	0.80

	1:45014803:G:T_T
	p30010_i0
	8
	455507
	4.56
	0.29
	4.52
	0.42
	4.57
	4.52
	0.05
	-0.24
	0.34
	0.74
	0.89

	1:45014803:G:T_T
	p30020_i0
	8
	455507
	14.53
	0.85
	14.18
	1.25
	14.50
	14.18
	0.32
	-0.54
	1.18
	0.46
	0.69

	1:45014803:G:T_T
	p30030_i0
	8
	455507
	41.83
	2.79
	41.09
	3.55
	41.78
	41.09
	0.69
	-1.77
	3.15
	0.58
	0.84

	1:45014803:G:T_T
	p30040_i0
	8
	455505
	91.72
	3.84
	91.13
	4.60
	91.59
	91.13
	0.46
	-2.66
	3.58
	0.77
	0.93

	1:45014803:G:T_T
	p30150_i0
	8
	454654
	0.17
	0.11
	0.17
	0.14
	0.17
	0.17
	-0.01
	-0.10
	0.09
	0.87
	0.95

	1:45014803:G:T_T
	p30210_i0
	8
	454660
	2.61
	1.64
	2.57
	1.87
	2.64
	2.57
	0.07
	-1.23
	1.36
	0.92
	0.98

	1:45014803:G:T_T
	p30620_i0
	6
	447590
	20.66
	5.89
	23.55
	14.18
	20.75
	23.56
	-2.81
	-14.15
	8.54
	0.63
	0.89

	1:45014832:GC:G_G
	p30010_i0
	10
	455505
	4.55
	0.36
	4.52
	0.42
	4.54
	4.52
	0.02
	-0.23
	0.28
	0.86
	0.91

	1:45014832:GC:G_G
	p30020_i0
	10
	455505
	13.98
	0.99
	14.18
	1.25
	14.00
	14.18
	-0.18
	-0.95
	0.59
	0.65
	0.72

	1:45014832:GC:G_G
	p30030_i0
	10
	455505
	41.06
	2.75
	41.09
	3.55
	41.05
	41.09
	-0.04
	-2.24
	2.16
	0.97
	0.97

	1:45014832:GC:G_G
	p30040_i0
	10
	455503
	90.47
	5.01
	91.13
	4.60
	90.59
	91.13
	-0.53
	-3.32
	2.26
	0.71
	0.93

	1:45014832:GC:G_G
	p30150_i0
	10
	454652
	0.22
	0.15
	0.17
	0.14
	0.22
	0.17
	0.05
	-0.04
	0.13
	0.28
	0.84

	1:45014832:GC:G_G
	p30210_i0
	10
	454658
	3.07
	1.93
	2.57
	1.87
	3.09
	2.57
	0.52
	-0.64
	1.68
	0.38
	0.73

	1:45014832:GC:G_G
	p30620_i0
	9
	447587
	27.34
	18.39
	23.55
	14.18
	27.50
	23.55
	3.95
	-5.32
	13.21
	0.40
	0.89

	1:45015395:T:C_C
	p30010_i0
	24
	455491
	4.57
	0.40
	4.52
	0.42
	4.57
	4.52
	0.05
	-0.11
	0.22
	0.53
	0.80

	1:45015395:T:C_C
	p30020_i0
	24
	455491
	14.54
	1.15
	14.18
	1.25
	14.51
	14.18
	0.33
	-0.16
	0.83
	0.19
	0.58

	1:45015395:T:C_C
	p30030_i0
	24
	455491
	41.95
	3.14
	41.09
	3.55
	41.90
	41.09
	0.81
	-0.61
	2.23
	0.26
	0.84

	1:45015395:T:C_C
	p30040_i0
	24
	455489
	92.04
	3.88
	91.13
	4.60
	91.87
	91.13
	0.74
	-1.06
	2.54
	0.42
	0.75

	1:45015395:T:C_C
	p30150_i0
	24
	454638
	0.11
	0.07
	0.17
	0.14
	0.11
	0.17
	-0.06
	-0.12
	-0.01
	0.03
	0.48

	1:45015395:T:C_C
	p30210_i0
	24
	454644
	1.81
	1.26
	2.57
	1.87
	1.83
	2.57
	-0.74
	-1.49
	0.01
	0.05
	0.73

	1:45015395:T:C_C
	p30620_i0
	22
	447574
	27.87
	12.09
	23.55
	14.18
	27.95
	23.55
	4.40
	-1.53
	10.32
	0.15
	0.52

	3:98590589:C:T_T
	p30010_i0
	4
	454755
	4.41
	0.41
	4.52
	0.42
	4.38
	4.52
	-0.14
	-0.54
	0.27
	0.51
	0.80

	3:98590589:C:T_T
	p30020_i0
	4
	454755
	13.36
	0.90
	14.18
	1.25
	13.57
	14.18
	-0.61
	-1.82
	0.61
	0.33
	0.66

	3:98590589:C:T_T
	p30030_i0
	4
	454755
	39.29
	3.91
	41.09
	3.55
	39.60
	41.09
	-1.50
	-4.97
	1.98
	0.40
	0.84

	3:98590589:C:T_T
	p30040_i0
	4
	454753
	89.17
	4.90
	91.13
	4.60
	90.27
	91.13
	-0.86
	-5.27
	3.55
	0.70
	0.93

	3:98590589:C:T_T
	p30150_i0
	4
	453902
	0.21
	0.16
	0.17
	0.14
	0.22
	0.17
	0.04
	-0.09
	0.18
	0.56
	0.86

	3:98590589:C:T_T
	p30210_i0
	4
	453908
	2.64
	1.55
	2.57
	1.87
	2.58
	2.57
	0.01
	-1.82
	1.84
	0.99
	0.99

	3:98590589:C:T_T
	p30620_i0
	4
	446855
	25.67
	11.93
	23.55
	14.18
	26.00
	23.56
	2.45
	-11.45
	16.34
	0.73
	0.94

	3:98591027:G:A_A
	p30010_i0
	31
	455481
	4.54
	0.38
	4.52
	0.42
	4.54
	4.52
	0.03
	-0.12
	0.17
	0.71
	0.89

	3:98591027:G:A_A
	p30020_i0
	31
	455481
	14.30
	1.05
	14.18
	1.25
	14.28
	14.18
	0.10
	-0.33
	0.54
	0.64
	0.72

	3:98591027:G:A_A
	p30030_i0
	31
	455481
	41.39
	3.11
	41.09
	3.55
	41.35
	41.09
	0.26
	-0.99
	1.51
	0.68
	0.84

	3:98591027:G:A_A
	p30040_i0
	31
	455479
	91.28
	4.95
	91.13
	4.60
	91.18
	91.13
	0.06
	-1.53
	1.64
	0.94
	0.94

	3:98591027:G:A_A
	p30150_i0
	31
	454628
	0.14
	0.12
	0.17
	0.14
	0.14
	0.17
	-0.03
	-0.08
	0.02
	0.20
	0.84

	3:98591027:G:A_A
	p30210_i0
	31
	454634
	2.24
	1.56
	2.57
	1.87
	2.27
	2.57
	-0.31
	-0.96
	0.35
	0.36
	0.73

	3:98591027:G:A_A
	p30620_i0
	32
	447561
	27.67
	31.40
	23.55
	14.18
	27.66
	23.55
	4.11
	-0.81
	9.02
	0.10
	0.46





Supplementary Table S6. Sensitivity analysis of ALT associations after adjustment for fatty liver disease, viral hepatitis, and alcohol-related liver disease.
	Group
	Adj mean diff
	Adj CI
	Adj P
	Diff change

	1:45014385:G:C_C
	15.61220855
	[1.84, 29.38]
	0.026298183
	0.239169709

	1:45014461:A:C_C
	21.60707567
	[5.70, 37.51]
	0.007745511
	0.234938884

	1:45014496:T:C_C
	4.611067649
	[-9.16, 18.38]
	0.511700225
	-2.548089762

	1:45014803:G:T_T
	-2.554915142
	[-13.80, 8.69]
	0.65609871
	0.25029295

	1:45014832:GC:G_G
	2.9299713
	[-6.25, 12.11]
	0.531694066
	-1.016940508

	1:45015395:T:C_C
	4.13272515
	[-1.74, 10.01]
	0.167817804
	-0.266456058

	1:161166892:G:C_C
	0.005113757
	[-12.31, 12.32]
	0.999350811
	0.235950879

	1:161167187:C:T_T
	2.940475559
	[-8.30, 14.19]
	0.608300027
	0.245722835

	1:161167399:T:G_G
	-0.713012707
	[-16.62, 15.20]
	0.930003849
	0.250896793

	1:161168497:CAT:C_C
	4.126460251
	[-9.65, 17.90]
	0.557044782
	0.240871279

	1:161169921:T:C_C
	-8.445214701
	[-22.22, 5.33]
	0.229425351
	0.244357237

	1:161171039:G:C_C
	-3.972830166
	[-19.88, 11.93]
	0.624395981
	0.274406176

	1:161171045:C:T_T
	2.992776
	[-4.12, 10.11]
	0.409530834
	0.304203244

	1:161171975:G:A_A
	-0.051430824
	[-9.79, 9.69]
	0.991741779
	0.27079068

	3:98590589:C:T_T
	2.764791759
	[-11.01, 16.54]
	0.694016578
	0.317277043

	3:98591027:G:A_A
	4.025624522
	[-0.84, 8.90]
	0.105167217
	-0.081953131

	11:119091413:C:T_T
	-0.486287971
	[-10.23, 9.25]
	0.922043557
	0.30207845

	Porphyria_patient
	7.308298434
	[3.56, 11.06]
	0.000133986
	-1.531511198






Supplementary Table S7. Clinical phenotype prevalence in porphyria-associated variant carriers and porphyria patients.
	Disease Description
	Group
	Cases
	Total
	Rate %
	Ref
Cases
	Control
Total
	Control Rate
%
	OR
	OR
95CI Lower
	OR
95CI
Upper
	P Value
	FDR q Value

	Liver Disease (R94.5, K76.8)
	Porphyria_patients
	8
	57
	14.04
	13016
	469198
	2.77
	5.72
	2.71
	12.08
	0.00
	0.00

	Gallstones (K80.0-K80.8)
	Porphyria_patients
	10
	57
	17.54
	26331
	469198
	5.61
	3.58
	1.81
	7.08
	0.00
	0.01

	Essential hypertension (I10)
	Porphyria_patients
	30
	57
	52.63
	151198
	469198
	32.22
	2.34
	1.39
	3.93
	0.00
	0.02

	Anemia (D50-D64)
	Porphyria_patients
	14
	57
	24.56
	48477
	469198
	10.33
	2.83
	1.55
	5.17
	0.00
	0.02

	Abdominal pain (R10)
	Porphyria_patients
	15
	57
	26.32
	54989
	469198
	11.72
	2.69
	1.49
	4.85
	0.00
	0.03

	Liver Disease (R94.5, K76.8)
	1:45014385:G:C_C
	2
	4
	50.00
	13016
	469198
	2.77
	35.05
	4.94
	248.84
	0.00
	0.01

	Hematologic malignancies (C81-C96)
	Porphyria_patients
	4
	57
	7.02
	7663
	469198
	1.63
	4.55
	1.64
	12.56
	0.01
	0.03

	Any malignancy (C00-C96)
	Porphyria_patients
	19
	57
	33.33
	94592
	469198
	20.16
	1.98
	1.14
	3.43
	0.02
	0.20

	Any malignancy (C00-C96)
	3:98591027:G:A_A
	12
	33
	36.36
	94592
	469198
	20.16
	2.26
	1.11
	4.60
	0.03
	0.20

	Anemia (D50-D64)
	1:161167399:T:G_G
	2
	3
	66.67
	48477
	469198
	10.33
	17.36
	1.57
	191.43
	0.03
	0.15

	CHIP with VAF > 10%
	Porphyria_patients
	4
	57
	7.02
	10297
	469198
	2.19
	3.36
	1.22
	9.30
	0.04
	0.07

	Anemia (D50-D64)
	1:161171039:G:C_C
	2
	4
	50.00
	48477
	469198
	10.33
	8.68
	1.22
	61.61
	0.06
	0.19

	Liver Disease (R94.5, K76.8)
	1:45014461:A:C_C
	1
	3
	33.33
	13016
	469198
	2.77
	17.52
	1.59
	193.28
	0.08
	0.16

	Abdominal pain (R10)
	3:98591027:G:A_A
	7
	33
	21.21
	54989
	469198
	11.72
	2.03
	0.88
	4.67
	0.10
	0.40

	Any malignancy (C00-C96)
	1:161167187:C:T_T
	3
	6
	50.00
	94592
	469198
	20.16
	3.96
	0.80
	19.62
	0.10
	0.35

	Any malignancy (C00-C96)
	1:161167399:T:G_G
	2
	3
	66.67
	94592
	469198
	20.16
	7.92
	0.72
	87.35
	0.11
	0.35

	Abdominal pain (R10)
	1:161166892:G:C_C
	2
	5
	40.00
	54989
	469198
	11.72
	5.02
	0.84
	30.05
	0.11
	0.40

	Clonal Hematopoiesis (CHIP)
	Porphyria_patients
	4
	57
	7.02
	15613
	469198
	3.33
	2.19
	0.79
	6.06
	0.12
	0.30

	Any malignancy (C00-C96)
	11:119091413:C:T_T
	4
	10
	40.00
	94592
	469198
	20.16
	2.64
	0.75
	9.36
	0.12
	0.35

	Liver Disease (R94.5, K76.8)
	1:45015395:T:C_C
	2
	24
	8.33
	13016
	469198
	2.77
	3.19
	0.75
	13.55
	0.14
	0.21

	Anemia (D50-D64)
	3:98591027:G:A_A
	6
	33
	18.18
	48477
	469198
	10.33
	1.93
	0.80
	4.67
	0.15
	0.37

	CHIP with VAF > 10%
	3:98591027:G:A_A
	2
	33
	6.06
	10297
	469198
	2.19
	2.88
	0.69
	12.02
	0.16
	0.16

	Essential hypertension (I10)
	11:119091413:C:T_T
	1
	10
	10.00
	151198
	469198
	32.22
	0.23
	0.03
	1.84
	0.18
	1.00

	Liver Disease (R94.5, K76.8)
	1:45014803:G:T_T
	1
	8
	12.50
	13016
	469198
	2.77
	5.01
	0.62
	40.70
	0.20
	0.24

	Gallstones (K80.0-K80.8)
	1:161171039:G:C_C
	1
	4
	25.00
	26331
	469198
	5.61
	5.61
	0.58
	53.90
	0.21
	0.41

	Gallstones (K80.0-K80.8)
	1:45014385:G:C_C
	1
	4
	25.00
	26331
	469198
	5.61
	5.61
	0.58
	53.90
	0.21
	0.41

	Abdominal pain (R10)
	1:161171975:G:A_A
	2
	8
	25.00
	54989
	469198
	11.72
	2.51
	0.51
	12.44
	0.24
	0.61

	Essential hypertension (I10)
	1:161167399:T:G_G
	2
	3
	66.67
	151198
	469198
	32.22
	4.21
	0.38
	46.39
	0.24
	1.00

	Liver Disease (R94.5, K76.8)
	11:119091413:C:T_T
	1
	10
	10.00
	13016
	469198
	2.77
	3.89
	0.49
	30.74
	0.25
	0.25

	Anemia (D50-D64)
	1:45014832:GC:G_G
	2
	10
	20.00
	48477
	469198
	10.33
	2.17
	0.46
	10.22
	0.28
	0.51

	Clonal Hematopoiesis (CHIP)
	11:119091413:C:T_T
	1
	10
	10.00
	15613
	469198
	3.33
	3.23
	0.41
	25.48
	0.29
	0.30

	Clonal Hematopoiesis (CHIP)
	3:98591027:G:A_A
	2
	33
	6.06
	15613
	469198
	3.33
	1.87
	0.45
	7.83
	0.30
	0.30

	Anemia (D50-D64)
	1:45015395:T:C_C
	4
	24
	16.67
	48477
	469198
	10.33
	1.74
	0.59
	5.08
	0.30
	0.51

	Any malignancy (C00-C96)
	1:45015395:T:C_C
	7
	24
	29.17
	94592
	469198
	20.16
	1.63
	0.68
	3.93
	0.31
	0.71

	Abdominal pain (R10)
	11:119091413:C:T_T
	2
	10
	20.00
	54989
	469198
	11.72
	1.88
	0.40
	8.87
	0.33
	0.61

	Abdominal pain (R10)
	1:45014832:GC:G_G
	2
	10
	20.00
	54989
	469198
	11.72
	1.88
	0.40
	8.87
	0.33
	0.61

	Anemia (D50-D64)
	1:161168497:CAT:C_C
	1
	4
	25.00
	48477
	469198
	10.33
	2.89
	0.30
	27.81
	0.35
	0.51

	Abdominal pain (R10)
	1:161171039:G:C_C
	1
	4
	25.00
	54989
	469198
	11.72
	2.51
	0.26
	24.14
	0.39
	0.62

	Hematologic malignancies (C81-C96)
	3:98591027:G:A_A
	1
	33
	3.03
	7663
	469198
	1.63
	1.88
	0.26
	13.78
	0.42
	0.42

	Anemia (D50-D64)
	1:161166892:G:C_C
	1
	5
	20.00
	48477
	469198
	10.33
	2.17
	0.24
	19.41
	0.42
	0.53

	Gallstones (K80.0-K80.8)
	11:119091413:C:T_T
	1
	10
	10.00
	26331
	469198
	5.61
	1.87
	0.24
	14.75
	0.44
	0.66

	Essential hypertension (I10)
	1:161171975:G:A_A
	1
	8
	12.50
	151198
	469198
	32.22
	0.30
	0.04
	2.44
	0.45
	1.00

	Any malignancy (C00-C96)
	1:45014461:A:C_C
	1
	3
	33.33
	94592
	469198
	20.16
	1.98
	0.18
	21.84
	0.49
	0.96

	Essential hypertension (I10)
	1:45015395:T:C_C
	6
	24
	25.00
	151198
	469198
	32.22
	0.70
	0.28
	1.77
	0.52
	1.00

	Abdominal pain (R10)
	1:161167187:C:T_T
	1
	6
	16.67
	54989
	469198
	11.72
	1.51
	0.18
	12.90
	0.53
	0.72

	Any malignancy (C00-C96)
	1:161171045:C:T_T
	2
	17
	11.76
	94592
	469198
	20.16
	0.53
	0.12
	2.31
	0.55
	0.96

	Photosensitivity (L56.2-L59.9)
	Porphyria_patients
	1
	57
	1.75
	6673
	469198
	1.42
	1.24
	0.17
	8.94
	0.56
	0.56

	Anemia (D50-D64)
	1:161171975:G:A_A
	1
	8
	12.50
	48477
	469198
	10.33
	1.24
	0.15
	10.08
	0.58
	0.65

	Essential hypertension (I10)
	3:98591027:G:A_A
	12
	33
	36.36
	151198
	469198
	32.22
	1.20
	0.59
	2.44
	0.58
	1.00

	Essential hypertension (I10)
	1:45014385:G:C_C
	2
	4
	50.00
	151198
	469198
	32.22
	2.10
	0.30
	14.93
	0.60
	1.00

	Any malignancy (C00-C96)
	1:45014803:G:T_T
	2
	8
	25.00
	94592
	469198
	20.16
	1.32
	0.27
	6.54
	0.67
	1.00

	Gallstones (K80.0-K80.8)
	3:98591027:G:A_A
	2
	33
	6.06
	26331
	469198
	5.61
	1.09
	0.26
	4.53
	0.71
	0.85

	Essential hypertension (I10)
	1:45014803:G:T_T
	3
	8
	37.50
	151198
	469198
	32.22
	1.26
	0.30
	5.28
	0.72
	1.00

	Abdominal pain (R10)
	1:45015395:T:C_C
	3
	24
	12.50
	54989
	469198
	11.72
	1.08
	0.32
	3.61
	0.76
	0.92

	Anemia (D50-D64)
	1:161171045:C:T_T
	1
	17
	5.88
	48477
	469198
	10.33
	0.54
	0.07
	4.09
	1.00
	1.00

	Abdominal pain (R10)
	1:161171045:C:T_T
	2
	17
	11.76
	54989
	469198
	11.72
	1.00
	0.23
	4.39
	1.00
	1.00

	Abdominal pain (R10)
	1:45014803:G:T_T
	1
	8
	12.50
	54989
	469198
	11.72
	1.08
	0.13
	8.75
	1.00
	1.00

	Essential hypertension (I10)
	1:161168497:CAT:C_C
	1
	4
	25.00
	151198
	469198
	32.22
	0.70
	0.07
	6.74
	1.00
	1.00

	Essential hypertension (I10)
	1:161169921:T:C_C
	1
	4
	25.00
	151198
	469198
	32.22
	0.70
	0.07
	6.74
	1.00
	1.00

	Essential hypertension (I10)
	1:161171039:G:C_C
	1
	4
	25.00
	151198
	469198
	32.22
	0.70
	0.07
	6.74
	1.00
	1.00

	Essential hypertension (I10)
	1:161171045:C:T_T
	5
	17
	29.4118
	151198
	469198
	32.22
	0.88
	0.31
	2.49
	1.00
	1.00

	Essential hypertension (I10)
	1:45014461:A:C_C
	1
	3
	33.3333
	151198
	469198
	32.22
	1.05
	0.10
	11.60
	1.00
	1.00

	Essential hypertension (I10)
	1:45014832:GC:G_G
	3
	10
	30
	151198
	469198
	32.22
	0.90
	0.23
	3.49
	1.00
	1.00

	Essential hypertension (I10)
	3:98590589:C:T_T
	1
	4
	25
	151198
	469198
	32.22
	0.70
	0.07
	6.74
	1.00
	1.00

	Gallstones (K80.0-K80.8)
	1:45015395:T:C_C
	1
	24
	4.1667
	26331
	469198
	5.61
	0.73
	0.10
	5.42
	1.00
	1.00

	Any malignancy (C00-C96)
	1:161169921:T:C_C
	1
	4
	25
	94592
	469198
	20.16
	1.32
	0.14
	12.69
	1.00
	1.00

	Any malignancy (C00-C96)
	1:161171039:G:C_C
	1
	4
	25
	94592
	469198
	20.16
	1.32
	0.14
	12.69
	1.00
	1.00

	Any malignancy (C00-C96)
	1:161171975:G:A_A
	1
	8
	12.5
	94592
	469198
	20.16
	0.57
	0.07
	4.60
	1.00
	1.00

	Any malignancy (C00-C96)
	1:45014385:G:C_C
	1
	4
	25
	94592
	469198
	20.16
	1.32
	0.14
	12.69
	1.00
	1.00

	Any malignancy (C00-C96)
	1:45014832:GC:G_G
	2
	10
	20
	94592
	469198
	20.16
	0.99
	0.21
	4.66
	1.00
	1.00



